INTRODUCTION
Body balance is a complex interaction between the sensorial and motor systems allowing the body either to stand still stably or to move harmoniously and precisely. When there is an alteration in any of its components (proprioceptive -perception of both posture and body movement; vestibular -head position and movement, and visual -spacial relations), alterations appear characterizing the imbalance and possibly affecting the individual's quality of life (1) . Posturography allows us to evaluate and train patients with balance disorders, dizziness or instability. It completes the conventional tests of the otoneurologic evaluation, providing information not only from the vestibular system but also from the other systems that help to maintain balance (2) . Posturography is defined as any study or technique that assess the body sway or a variable associated with this sway (3) . The posturographic measure generally used in the postural control evaluation is the center of pressure (CoP), which is the applying point of the resultant vertical force acting on the support surface and represents the collective outcome of the postural control system and the gravity. The CoP is measured by a force platform that consists of a plate on which force sensors are placed in a way that they measure the force components and the force moment in the anteroposterior, mediolateral and vertical directions, acting on the platform (4) . Many authors have used the computerized dynamic posturography in the assessment of different diseases or vestibular symptoms related to body balance and have also reinforced its importance in the otoneurologic evaluation (2, (5) (6) (7) (8) (9) . However researches about it are still scarce in Speech-Language Pathology and Audiology (10) . The posturography with virtual reality stimuli contributes to identify the signs related to imbalance by means of sensorial stimuli projected in goggles of virtual reality that simulate real life situation. It can also contribute to vestibular rehabilitation, inducing situations that cause dizziness or vertigo which would lead to adaptation of vestibular system (11) . Virtual reality allows us to recreate to the maximum the feeling of the individual's interaction with the computer. It makes the immersion in an illusory world possible, where the perception of the environment is changed by some artificial sensorial stimuli which can cause a vestibulocochlear conflict and the change of this reflex gain (12) . The use of the posturography platform with virtual reality stimuli is a new assessment method, the number of publications about it is scarce and there is no benchmark. Therefore it is necessary to determine such benchmarks in different age groups that will be the base to future researches and evaluations with different groups of patients.
Thus, this study aims to evaluate the findings of posturography with virtual reality stimuli performed in young, healthy adults, with no otoneurologic complaints, according to the center of pressure, limit of stability and sway speed to the different visual stimuli. Participants were 50 individuals with ages between 18 and 25 years, 25 male and 25 female, without any complaints related to body balance and to the ability of standing on biped position with no help. Mean age of the female group was 22 years (SD=1.96), and 20.6 years in the male group (SD=1.98). There was no significant difference between the groups regarding age. All patients should present normal results in the Otoneurologic Evaluation (anamnesis, tonal and vocal audiometry, imitanciometry and vestibular testing with the computerized vectonistagmography).
METHODS

This
Individuals that used any type of ortheses or showed any recent signs or symptoms or previous disease related to vestibular system disorders were not included.
All participants underwent computerized posturography with virtual reality stimuli, based on 11 visual stimuli controlled by the computer. Stimuli were showed on virtual reality goggle lenses coupled to the individual's head.
The posturography was done on a balance platform unit (BRU™) that converts the pressure applied to a plain surface into electric signals to determine the area of the center of pressure (CoP) or center of mass, the patient's limit of stability (LOS) and the sway speed (10) . The pressure platform has an area of 1600 cm 2 (40 cm x 40 cm), including vertical and horizontal coordinates. Furthermore, it has a horizontal line of 8 cm (intermalleolar line) for the individual's foot placement and a vertical line of 12 cm to intercept the middle point of the intermalleolar line.
To perform the posturography, the participant should be on a force platform, barefoot, on bipodal support and with relaxed arms extended along the body. When necessary corrective lenses were used. During the procedure, everyone was advised to maintain upright and stable position, standing still.
Initially, in order to establish the limit of stability, the patient was instructed to shift the body in an antero-posterior and lateral directions using the ankle strategy, without moving the feet or using trunk strategies. The movement should happen slowly until the participant reached his body limit of stability, respecting the following: forward and back to initial position; to the right and back to initial position; to the left and back to initial position; backward and back to initial position. The individuals were instructed to perform the complete sequence of movements twice, with no need to complete it in the maximum time of 60 seconds. In case of either foot or trunk movement, the procedure was restarted.
The sensorial stimuli shown during the exam were visual (opened eyes, closed eyes, specific visual stimuli -mobile objects on the virtual reality goggles which recreated styled versions of real life situations), vestibular (objects on the virtual During the assessment a foam pillow with medium density was used. The virtual reality goggles were employed in the evaluation with the foam pillow use.
Reports were created by the program holding information about the limit of stability area, the 95% trust ellipse area and the sway speed in the ten sensorial conditions. The 95% trust ellipse area is defined with the area of distribution of 95% of the pressure center samples. The medium sway speed is determined by the total distance divided by the time of the test, 60 seconds (11) . Posturography results were collected from the CoP information by means of the balance platform, for each stimulus, aiming to establish normal limits of the posturography parameters (LOS area, ellipse area and sway speed of each stimulus). Each parameter was analyzed singly and in group, in order to observe the development of young healthy adults in this test.
All results underwent descriptive statistical analysis to characterize the sample. The Mann-Whitney test was used to compare the results between gender and the LOS area limit variable, ellipse area and sway speed, under BRU TM conditions. The level of significance used was 5% (p=0.05). All the trust intervals built along the research were defined with 95% statistics trust.
RESULTS
Regarding the values related to the limit of stability area (LOS) and to the sway speed, we verified that the variations between genders were low (coefficient of variation near 50%). As to the value of ellipse area, these variations were considered high, characterizing the non-homogeneity of data. The obtained values were higher in male with difference related to female (Table 1) .
The descriptive values and the comparative analysis of the LOS values, the ellipse area (cm 2 ) and the sway speed (cm/s) in the group of male and female, were obtained (Table 2 ). There was difference between the genders to the LOS, the female showed lower results than male. We verified that there was also difference between genders regarding the ellipse area, to the following BRU™ firm surface with visuo-vestiular interaction in the horizontal and vertical directions. In all cases of difference, female got lower values than male. To the sway speed, on firm surface with visuo-vestibular interaction in the horizontal and 
DISCUSSION
Posturography can be useful to detect vestibular disorders. Studies show that the information about changes of sway speed values and ellipse area in the posturography can be relevant to the programming and the treatment follow-up of the body balance (16, (19) (20) (21) . In this study, the static posturography evaluation was used. However, in the literature more numbers of studies using the dynamic posturography are found. Such fact hindered the comparison among the results.
A study (22) using static posturography quantified and analyzed the postural sways of youths, adults and elderly, which task was to stay still on bipodal support during 60 s, initially with open eyes and after with closed eyes. The authors did not observe any differences regarding the sways between groups. However, there was difference among the visual sways, being the obtained values higher in the tasks with closed eyes.
This study tried to show reference values to the use of posturography with virtual reality stimuli in young, healthy adults related to female and male genders, facing the necessity of creating standards in different age, to base future researches with different groups of patients.
The posturography findings of this study are difficult to be quantitative compared with the other types of posturography, since different parameters and procedures of assessment are used. To the studies done (20, 21) with BRU™ a control group was used to be compared with the obtained results in the research group in patients with Menière (21) disease and in patients with multiple sclerosis (20) , with average age of 45.55 (SD=12.36 years, varying between 33 and 57 years) and 34.91 (SD=13.97 years, varying between 20 and 48 years), respectively. On the other hand, the recent study showed average age of 21.30 (SD=2.07 years, varying between 19 and 23 years, according to inclusion criteria), showing difference between the studies related to age (20, 21) .
Comparing the values of the study mentioned previously (20, 21) with the recent study, we verified that the mean values of obtained LOS in the control group with the patients with Menière disease -MDCG were closed to the ones of control group of patients with multiple sclerosis -MSCG. However, these values are distant from the ones obtained in this study. It can be explained because the control group of the this study presents the age group bellow the MDCG and the MSCG.
To the ellipse area, we observed that the same happened to the following sensorial stimuli: firm surface with open eyes, firm surface with closed eyes, with optokineticic bars to the right, with visuovestibular interaction in the horizontal and vertical directions. As to the stimuli of foam surface with closed eyes the MSCG is near this study, getting further from the mean value of MDCG. In the other stimuli (firm surface saccadic movement, with optokineticic bars to the left, to the bottom and up) the mean values in the three studies are close.
As for the sway speed the mean obtained values in this study were not very distant form the MSCG (20) and MDCG (21) values. In our casuistic, posturography of BRU™ showed that the LOS area values (Table 2 ) of the female group were lower than the male group. This difference can be explained by the patients' stature of male gender which, in general, was higher than the female group, once the higher the individual is the bigger is the support base. References in the literature about LOS area in young adult patients to the posturography of BRU™ equipment were not found.
Study with dynamic posturography of "Foam-Laser" (16) type showed difference in the test that measure the body sway -Sensorial Organization Test (SOT), regarding the individual's gender and age group, women had better results in the different age group. Such findings and the results of this study show that there is the necessity of obtaining normal differentiated values regarding the gender. The sway difference between women and men can be explained by the reduction of somatosensorial responses, associated with the lowering of the degree of muscular power. This is more significant in women, since they have more loss in the lean body mass and in the muscle strength than men at the same age (30) . Furthermore, the relation between the sensorial information and motor action is another fact that can influence on the less stable behavior with advancing age (22, 30) . The value of ellipse area, for the sensorial stimuli test on firm surface with optokinetic bars to bottom, showed difference related to genders. References in the literature about ellipse area in young adult patients to the posturography of BRU™ were not found.
Our results indicated that the posturography with virtual reality stimuli is a method that provides relevant information about the body balance of young healthy adults. The findings regarding the LOS area values, the ellipse area and the sway speed in the posturography can be useful not only for diagnoses to characterize the body balance disorder but also to follow the disease progression under treatment.
CONCLUSION
The findings of posturography with virtual reality stimuli in young, healthy adults show that the parameters center of pressure , limit of stability and sway speed present differences between genders, therefore must be singly considered.
